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Introduction
Pain is a significant problem in cancer patients and is often the most feared aspect of the disease; thus, effective analgesia is an essential component of pain management. Cancer patients require a comprehensive pain treatment plan that not only addresses the moderate to severe background cancer pain (BCP) but also provides adequate management of breakthrough cancer pain (BTcP) that has a separate and characteristically different presentation [1] .
BTcP has different clinical and literature definitions [1] . BTcP was initially defined by Portenoy and Hagen in 1989 [2] as "a transitory flare of pain in the setting of chronic pain [3] . According to more recent and comprehensive definitions, "BTcP is a transient exacerbation of pain that occurs either spontaneously or in relation to a specific predictable or unpredictable trigger, despite relatively stable and adequately controlled BCP" [4] . As there is a lack of consistency in use of the term BTcP, most studies did not report the diagnostic criteria used in screening patients for BTcP or included patients with inadequately controlled BCP [3, 5] . Indeed, BTcP is widely used to describe any exacerbation of pain in patients with BCP or intermittent episodes of pain in patients without BCP.
BTcP differs from BCP due to its high intensity (numerical rating score [NRS], 7), the short time interval between onset and peak intensity (median interval, 3 minutes to peak pain), short duration (median, 30 to 60 minutes), potential recurrence over 24 hours (3-4 daily episodes), and non-responsiveness to treatments for BCP [3, [6] [7] [8] [9] .
BTcP impacts patient's quality of life (QoL). Because patients with BTcP are often less satisfied with their analgesic therapy, their functioning decreases due to pain, and they may also experience social and psychosocial consequences, such as increased anxiety and depression [8] . According to a large European observation study and a Canadian study, BTcP impacts daily living including normal work, mood, sleep, and walking activities [10, 11] .
Despite the increasing awareness of the need for evaluation and management of BTcP, only a few studies have investigated BTcP in Korea. We conducted this study to characterize the prevalence and treatments for BTcP in Korea, identify factors associated with the prevalence of BTcP, and to show the impact of BTcP on QoL.
Materials and Methods
This study was approved by the institutional review board of each participating hospital. This multicenter nationwide study was conducted from 11 September 2010, to 14 October 2010 in 78 hospitals using a patient questionnaire and retrospective review of medical records. The survey instrument was developed by the palliative care committee of the Korean Cancer Study group. Inclusion criteria were hospitalized patients whose BCP is controlled to a mild degree (NRS 3 or less), were receiving analgesic treatments, with a history of hospitalization for > 4 days. Patients aged ! 20 years who signed a consent form were eligible for participation. Patients who could not voluntarily participate in the survey due to clouded consciousness or who did not want to participate were ineligible.
Patients completed a questionnaire including (1) The patient's demographic and pain characteristics were summarized by a number of subjects (percentage). Association between the patient characteristics and presence of BTcP was examined using the chi-square test. A multiple logistic regression model was used to determine factors affecting BTcP. Degrees of difference in patient's QoL (in terms of sleep disorder and satisfaction with pain control) between patients with and without BTcP were examined using crude odds ratios and 95% confidence intervals. All analyses were performed using SAS ver. 9.4 statistical software (SAS Institute Inc., Cary, NC). A p-value of < 0.05 was considered significant.
Results

Patient demographic characteristics
Of the 1,841 patients with BCP, 496 (26.9%) complained of high NRS pain, and 736 patients (40%) complained of moderate NRS pain. The remaining 609 patients (33.1%) who complained of pain " 3 NRS were analyzed. Of the 609 patients, 29.1% complained of BTcP. Percentage of patients " 65 years was 63% and that of males was 59%. Most patients (86%) were admitted to the general ward, and most were diagnosed with a solid cancer (87%). Of all patients, 67% were receiving chemotherapy during the study. Approximately 80% of patients had stage IV cancer, and 84% were ECOG PS < 3 ( Table 1 ).
Predictors for BTcP
Patients with BTcP were more frequently admitted to the hospice ward and were less frequently treated with chemotherapy compared to those without BTcP (p=0.0397 and p=0.0642, respectively) ( Table 1) . However, the results of multivariate analysis showed no significant predictors of BTcP frequency ( Table 2) .
The frequency of BTcP per day was 73 patients complained once, 62 complained twice, 25 patients complained three times, 11 patients complained four times, and six patients complained more than five times. The mean and median frequencies of BTcP were 1.95 and 2, respectively. Solid cancer included epithelial originating (lung, stomach, colorectal, breast, esophagus, etc.) and mesenchymal originating cancer. p-values by multiple logistic regression analysis.
Impact of BTcP on QoL
Patients with BTcP 4.42 times more frequently complained sleep disorder, which caused patients to wake up two or more times during sleep, compared to those without BTcP (p < 0.0001) ( Table 3 ). And they were 1.74 times more unsatisfied with their pain control than patients who did not have BTcP (p=0.0498) ( Table 3 ).
BTcP treatment
According to the patient questionnaire results, 77% of patients with BTcP answered that they were treated with a short-acting analgesic during an attack. A total of 110 patients answered that they were treated with a short-acting analgesic within 10 minutes, 29 patients within 11 to 20 minutes, five patients within 11 to 20 minutes, three patients within 31 to 60 minutes, and six patients after 60 minutes.
According to the medical records, 77 of 177 patients (44%) with BTcP were prescribed short-acting analgesics on the day of their enrollment in this study. Thirty-six patients were treated with oxycodone-immediate release (IR), 30 patients with morphine (29 intravenous morphine and one S-morphine), six patients with tramadol, three with hydromorphone, one with Actiq, and one with acetaminophen. There was no clinical predictor for the reason why patients did not take and short-acting analgesics. Concordance between longacting and short-acting analgesics was analyzed. A cognate short-acting analgesic, such as oxycodone-IR, was more frequently prescribed for patients treated with oxycodone as a long-acting analgesic (p=0.0038) ( Table 4) . p-values by chi-square test. 
Discussion
Recent surveys have reported BTcP prevalence of 28%-71% for in-patients with cancer [1] . Here, we reported prevalence of 29% among hospitalized cancer pain patients. This is a lower percentage than previously reported [12] [13] [14] , although Hagen et al. [15] reported that 28% of patients with cancer pain have BTcP. Nationwide surveys conducted in Korea between 2001 and 2006 reported BTcP incidence of 35% [12] . One explanation for the discrepancy may be different inclusion criteria. Two surveys conducted in 2001 and 2006 enrolled cancer pain patients who visited the outpatient clinic or were admitted in hospital. These also included patients with uncontrolled BCP, and patients with advanced stage cancer and poor PS [12] . In comparison with previous studies, the current survey, conducted in 2010, only enrolled hospitalized patients with controlled BCP, as the exact definition of BTcP.
Actually, prevalence of BTcP varies in different settings. The lowest prevalence rates were detected in studies conducted in out-patient clinics and the highest were reported in studies conducted in the hospice ward [1] . Hospitalized patients who maintained generally good PS and received chemotherapy were enrolled in this study. This setting could explain the lower prevalence of BTcP. Another possible explanation for the lower prevalence of BTcP in the current study is that patients might have recall bias. As a matter of fact, 77% of our patients answered that they have received short-acting analgesics for BTcP but the medical records reported that only 44% of the patients were treated with short-acting analgesics. Thus, patients with BTcP may not have reported their pain because of difference between patients' memory of pain and the medical record of the study day. In addition, as no validated BTcP assessment tool was available at the time of this study, we could not reliably determine the prevalence of BTcP only by asking patients to describe the frequency, intensity, and duration.
BTcP affects patient's QoL. Bedard et al. [11] reported that BTcP impacts daily living activities of European and Canadian patients and Raj et al. [13] reported that patients with BTcP have more mood and sleep disturbances and are less able to keep up with normal work. We also found that BTcP was related to dissatisfaction with pain control and sleep disorders. However, there was no available clinical predictor to distinguish patients with and without BTcP. Thus, successful management of BTcP depends on a combination of adequate assessment and appropriate treatment. A systematic review of the literature in 2010 identified 10 tools for assessment of BTcP, seven of which were discussed but have not been made available and have only been used in one study [14] . Portenoy and Hagen [3] developed the Breakthrough Pain Questionnaire (BPQ) specifically for assessment of BTcP. This tool assesses the severity, location, pathophysiology, cause, and precipitating and palliative factors for BTcP, as well as its relationship to scheduled analgesic use through patient's self-report. Although the BPQ has been used in epidemiological and pharmaceutical studies, it has not been validated [14] . Hagen et al. [15] developed the Alberta Breakthrough Pain Assessment Tool (ABPAT), using the Delphi process, specifically for assessment of BTcP. This tool was developed for research purposes and was formally validated for clinical use in 2014 [16] . The Episodic Pain Documentation Sheet [17] and a modified version of the original Potenoy and Hagen questionnaire [18] were also developed for assessment of BTcP. However, only the ABPAT has been clinically validated for independent assessment of BTcP.
Oral IR opioid preparations are recommended as first-line therapy for BTcP [19] . Their advantages include easy administration, relatively rapid onset, and extensive experience in use. Morphine, oxycodone, and hydromorphone are available as oral IR preparations in Korea. Most patients were also treated BTcP with an oral or intravenous opioid. Concordance was observed between oxycodone as a long-acting analgesic and oxycodone IR as a short-acting analgesic because physicians had more experience in prescribing oxycodone as an oral preparation and it could be easily titrated. Many recent studies have suggested that buccal, sublingual, or oral/nasal transmucosal formulations of fentanyl are effective for BTcP [9, 20, 21] . Fentanyl is a highly lipophilic synthetic opioid, which shows rapid diffusion across the blood brain barrier to elicit a rapid pain response [22] . A recent study demonstrated that physicians are more aware of the benefits of fentanyl, as a higher proportion of patients are prescribed this agent for control of BTcP [11] . Fentanyl (Actiq) was only prescribed to 1.2% of patients in our study. In 2010, Korean physicians had limited options for treatment of BTcP. Actiq was first available for use in Korea in 2008 and Fentora and Abstral became available in 2014. Therefore, nowadays, with an established definition of BTcP, different assessment tools, and many treatment options for BTcP, this result did not coincide exactly with treatment of BTcP. However, this study might be useful in showing the state of epidemiology and clinical significance of BTcP and help support further studies in Korea.
This study had some limitations related to the methods used for classification of patients with BTcP. The study was designed to describe the epidemiology and pain management strategy for patients with cancer in Korea with special emphasis on the prevalence and treatment patterns for cancer pain in 2010. The variables and measurements used were most appropriate for BCP, not BTcP. Therefore, this study did not report subtypes of BTcP such as spontaneous or incidental type or the impact of BTcP on daily living. In addition, we rely solely on patient self-reporting techniques, which can be inaccurate, as patients are not always specific when reporting their pain, and we did not use a BTcP-specified assessment tool, as no validated assessment tool for BTcP was available at the time of the study. Neverthless, this study presents the first report about BTcP in Korea based on a valid definition of BTcP.
Conclusion
In summary, approximately 30% of hospitalized patients with adequately controlled BCP complained of BTcP. Unfortunately, there were no clinical factors predicting the presence of BTcP, and BTcP impacted QoL of cancer patients with controlled BCP. Therefore, physicians should perform more appropriate evaluation, and provide adequate management of BTcP in cancer patients with controlled BCP. This is the first study to show the prevalence and clinical characteristics of BTcP in Korea based on a valid definition of BTcP. Further advances in BTcP diagnosis and treatment, as well as knowledge of predictors will continue to inform us about the evolving, complex nature of cancer pain classification and management.
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